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pH、温度等条件对 Cr2O3-TiO2 吸附氢酶的影响。结果表明 Cr2O3-TiO2 在
270 nm、440 nm 和 600 nm 附近有明显的吸收峰。Cr2O3-TiO2吸附氢酶的
佳条件为：温度 37 ℃，pH 7.0，搅拌速率 100 rpm，该条件下氢酶的吸
附率达到 80%以上。在氢酶负载量为 10%（W/W）、60 w 白炽灯光源光照
度条件下，Cr2O3-TiO2-氢酶催化光解水产氢速率为 10 μL·min-1·g -1,是
Cr2O3-TiO2催化光解水产氢速率 (3 μL·min-1·g -1)的 3.33 倍, 反应体系中加
入终浓度为 0.05 mmol/L 甲基紫晶（methyl viologen，MV）及 0.05 mmol/L
连二亚硫酸钠（Na2S2O3）可显著提高 Cr2O3-TiO2-氢酶光催化产氢速率，






酶的 ATTE 电解法紫外光解水制氢效率的影响，结果表明 531 μg 为 ATTE
佳氢酶负载量。负载氢酶的 ATTE 的 佳紫外光光解水的条件为：光照
比例为 1、外加电压为 1.3 V、1.0 mol/L KOH 为电解液。以超净工作台的
紫外灯为光源的情况下， 佳条件下，负载 531 μg 氢酶的 ATTE 2.5 h 内
的产氢量为 1.55 μL/cm2，而未负载氢酶的 ATTE 组和氢酶组 2.5 h 内的产






















This study investigated photocatalytic hydrogen production by 
splitting water using hydrogenase loaded with Cr2O3-TiO2. The light 
absorption peaks of Cr2O3-TiO2 appeared at 440 nm and 600 nm in 
visible light region, and at 270 nm in UV light region. The optimum couple 
conditions for the hydrogenase and Cr2O3-TiO2 were obtained as: 
temperature 37 ℃, pH 7.0 and 100 rpm, with the adsorption rate of 80%. 
When hydrogenase loading was 10% (W/W), the hydrogen production 
rate of Cr2O3-TiO2-hydrogenase complex was 3.33 times higher than that 
of Cr2O3-TiO2 only (3 μL·min-1·g-1), which was 10 μL·min-1·g-1. When the 
methyl viologen (MV, 0.05 mmol/L) and Na2S2O3 (0.05 mmol/L) were 
added into the reaction system, the hydrogen production rate catalyzed 
by Cr2O3-TiO2-hydrogenase complex was suddenly increased to 110 
μL·min-1·g-1. Only trace amount of hydrogen was detected when P25 TiO2 
was used as catalysts. The results showed that Cr2O3-TiO2 was a good 
candidate catalyst for hydrogen production by splitting water with visible 
light, and loading with hydrogenase could increase the photocatalytic 
hydrogen production significantly. 
An anodized tubular titania (TiO2) electrode (ATTE, 1.4 cm×4.5 cm) 
is prepared and utilized as both a photoanode and a cathode in a 
photoelectrochemical system designed to split water into hydrogen. The 
optimum amount of hydrogenase immobilized ATTE was 531μg. The 
optimum hydrogen production conditions for hydrogenase immobilized 
ATTE were obtained as: illumination proportion of 1.0, external bias of 1.5 
V and 1.0 mol/L KOH. In optimum conditions, the hydrogen yield was 
1.55 μL/cm2 during 2.5 h. However, in the same conditions, the hydrogen 
yield of ATTE without loading was 531μg hydrogenase was 0.95 μL/cm2, 















ATTE. The results showed that hydrogenase immobilized ATTE was a 
good choice for hydrogen production by splitting water with ultra-violet 
light, and loading with hydrogenase could increase the photocatalytic 
hydrogen production significantly. 
Key word: Klebsiella oxytocaHP 1; hydrogenase; Cr2O3-TiO2; ATTE;  



















































    氢的能量密度很高，每克的热值高达 1.4×104 J，约为同质量石油热



















































































































图 1-1 钛氧八面体示意图 
Fig.1-1 Ti-O6 octahedron 






图 1-2 TiO2 的半导体能带结构示意图[18] 




































 h+ +OH-→·OH                                    (1-3) 
 h++ H2O→·OH + OH-                                  (1-4) 
（4）由导带电子诱发的还原反应 
 e- + O2 →O2-                                       (1-5) 
 2 e-+ O2 +2H+ →H2O2                                               (1-6) 
（5）发生进一步的催化反应 
 e- + H2O2→·OH + OH-                                            (1-7) 















H2O2 →2·OH                                            (1-9) 
 
 
图 1-3 半导体光催化反应原理示意图[21] 








   大分子有机污染物+·OH→CO2+H2O+无机小分子物质     (1-10) 
1.1.4 TiO2吸收光谱向可见光扩展 
    目前，将TiO2吸收光谱向可见光扩展的方法主要有：金属离子掺杂、
贵金属沉积、非金属离子掺杂、半导体复合、离子共掺杂及表面光敏化等。 
1.1.4.1 金属离子掺杂 
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